Many methods have been described in the literature for determining the activity of ribonuclease (McDonald, 1955) ; most of these employ ribonucleic acid as substrate and are not suitable for kinetic investigations because it is not clear which step in the reaction sequence is measured. The action of the enzyme on ribonucleic acid or pyrimidine nucleotide 3'-esters involves two successive reactions: the formation of cyclic phosphates by the attack of the adjacent 2'-hydroxyl group on the phosphorus atom of those phosphate groups attached to the 3'-position of pyrimidine nucleotides; the cyclic esters are subsequently hydrolysed to give the 3'-nucleotides. Moreover, alterations in structural configuration of the ribonucleic acid are involved in the degradation and these may be included in the measure of the enzyme action, e.g. the change inultraviolet-absorption spectrum which is the basis of the Kunitz (1946) method. Thus the only measure of the activity of ribonuclease which is well defined kinetically is its ability to catalyse the hydrolysis of pyrimidine cyclic nucleotides. Richards (1955) has described a method for determining the hydrolysis of uridine 2':3'-phosphate which depends on differences in the absorption spectra of the reactants and products. Vogel (1951, method B) ; it was diluted to the concentration required.
Ribonuclease. This was lot no. 21,630 obtained from Armour and Co. Ltd., Hampden Park, Eastbourne, Sussex. EXPERIMENTAL Spectra of cytidine 2':3'-phosphate and cytidine 3'-phosphate. The spectrum of cytidine 2':3'-phosphate (0.25 mg. dissolved in 2-5 ml. of tris buffer) was measured against a blank of tris buffer (2.5 ml.). Enzyme solution (0.01 ml., 8 mg./ml. of tris buffer) was added to both cells; after 2 hr., when the reaction was completed, the spectrum was again read and assumed to be that of cytidine 3'-phosphate. Paper chromatography as described in the preceding paper confirmed the absence of any unhydrolysed cyclic phosphate. The spectra are shown in Fig. 1 . The difference spectrum, shown in Fig. 2 , was calculated, the small volume change caused by the addition of the enzyme solution being neglected.
The absorption maxima for cytidine 2':3'-phosphate and cytidine 3'-phosphate are respectively at 268 and 271 mXt; there is an isosbestic point at 265 m,u. The maximum difference in extinction coefficients is at 286 m,u, where the ratio of the extinctions is 1-495.
Stoicheiometry of reactant and product. For the determination of activity of ribonuclease it is advantageous to work at a wavelength where there is a large difference in the extinctions of the substrate and product. This necessitates working in a region of the absorption spectra where the extinctions change rapidly with wavelength. In these circumstances, apparent deviations from the Beer-Bouger relationship are to be expected. Accordingly, the stoicheiometry of both cytidine 2':3'-phosphate and cytidine 3'-phosphate have been determined at a number of wavelengths, and the maximum substrate concentrations which can be investigated with a cell of 1 cm. path length and a slit width of 0X6 mm. (Hilger Uvispek model no.
H 700.307) are: at 284 m1, 0-16 mg./ml.; at 288 m,u, 0 20 mg./ml.; at 292 mp, 0 4 mg./ml.
Mixtures of cytidine 2':3'-phosphate and cytidine 3'-phosphate gave extinctions identical with those calculated on the assumption that the extinctions of the components are additive.
As is to be expected in regions where the extinction changes rapidly with wavelength, the measured values of the extinction increase con-2-25 siderably as the slit width is reduced. Therefore it is important to work at a constant slit width if reproducible results are to be obtained (see Fig. 3 ) and, slit widths as narrow as possible should be ;ion of the re-By allowing for the increase in volume on addition any hydrolysis of the enzyme solution, the extinction of the reccurately since action mixture at zero time can be calculated. Ktrapolation of Examples of some progress curves are shown in f following the Fig. 4 . th enable the Determination of initial velocities. Because of the lined.
marked curvature of the progress curves it is nk of the same difficult to determine the initial velocities by re without the drawing tangents at the origin. The following the small ex-method was found satisfactory. The extinction it instances the increase corresponding to complete hydrolysis is the substrate required and was usually obtained by allowing the of the reaction reaction to go to completion. For reaction mixtures
The contents with low enzyme concentrations it can be calcua first reading lated. method has the In Fig 
The linearity of the plots in Fig. 5 suggests that the reaction is first-order with respect to both enzyme and substrate, in the concentration range investigated.
where S is the concentration of substrate remaining at time t and E is the enzyme concentration. Integration of equation (2) ) which is consistent with the experimental observations. The slight deviation from linearity which occurs as the reaction approaches completion is probably due to product inhibition, which is known to occur for ribonuclease (Davis & Allen, 1955) .
The variation of initial velocity with enzyme concentration is shown in Fig. 6 ; this demonstrates the high degree of precision of the analytical technique.
Method suitable for the rapid assay of ribonuclease.
Since the initial velocity of the hydrolysis of 236 I960 da cytidine 2':3'-phosphate is proportional to the enzyme concentration (eqn. 1), preparations of ribonuclease can be assayed by following the progress curve under standard conditions and calculating the initial velocity. Although accurate, this is unsatisfactory if a large number of determinations is required.
If the initial substrate concentration is fixed, the reciprocal of the time required for any given fraction of the substrate to be hydrolysed, i.e. for the extinction to change by a fixed amount, should be proportional to the enzyme concentration. This will be true if the reaction is zero or first-order with respect to substrate, and first-order A simpler and rapid assay method which is less exact is to measure the increase in extinction in a given short reaction time, i.e. to assume that the initial part of the progress curve is straight and the slope proportional to the enzyme concentration. This is satisfactory with a substrate concentration of 0-1 mg./ml. provided that the increase in the extinction does not exceed 0-11 (up substrate during the reaction; wavelength, 284 mu (or within the range 284-290 mu); initial substrate concentration, within the range 0 1-0 3 mg./ml.; slit width as narrow as possible. The final decision on slit width will depend on the conditions of the experiment and the sensitivity and stability of the spectrophotometer. The most important factor is that it should remain constant throughout a set of mneasurements; SUMMARY 1. A spectrophotometric assay of bovine ribonuclease has been developed based on the change in ultraviolet-absorption spectrum resulting from the hydrolysis of cytidine 2':3'-phosphate.
2. The relevant optical and kinetic details have been carefully investigated and satisfactory conditions for the assay have been delineated.
3. Simple modifications which allow rapid assays of somewhat lower precision are also described.
